Objective To examine if the variation at sea level would predict subsequent susceptibility to acute altitude sickness upon a rapid ascent to high altitude.
(percentage of differences exceeding 50 ms between adjacent normal number of intervals).
Conclusions
We elucidated the difference of physiological variables and noninvasive cardiovascular indicators after high altitude exposure. We also created acute high altitude reaction early warning equation based on the physiological variables and noninvasive cardiovascular indicators at sea level.
When individuals rapidly ascend from the plains to the plateau, or to the higher altitude area from the plateau, they almost always suffer from varying degrees of headache, dizziness, fatigue, nausea, vomiting, palpitation, shortness of breath and other symptoms which are generally known as acute mountain sickness (AMS).
Following the expansion of railway and air travel in Qinghai and Tibet, increasing numbers of people travel to high altitudes for work or recreation, such as mining, tourism, trekking and deployment. AMS has become a major public health problem. [1, 2] The etiology of AMS is not well understood because it is a multifactorial condition. [3, 4] Chin Med Sci J In order to prevent the occurrence and development of AMS, the researchers tried to prevent the high altitude reaction with various drugs, but the verify of the effectiveness of these drugs is mainly based on animal experiments as well as the individual's self-perception of the relief of symptoms. [5] [6] [7] [8] What we are lacking is the effective, objective and repeatable index, especially the objective and quantitative indexes which can be used to warn the occurrence and progression of acute mountain sickness at sea level.
Early recognition of susceptible individuals through the measurement of biological indicators at sea level may provide a useful screening tool for the expedition doctor who may want to consider targeted pharmacological prophylaxis and thus prevent AMS at high altitude. In the present study, we aimed to examine if the biological variation at sea level would predict subsequent susceptibility to AMS upon a rapid ascent to high altitude.
SUBJECTS AND METHODS

Ethics statement
This study has been approved by the Institutional Review Board (IRB) of the Chinese PLA General Hospital, Beijing, China. The IRB approved number is "S2014-070-01".
The individuals in this manuscript were given written informed consents and a verbal explanation concerning the study prior to obtaining the written informed consent for their participation.
Participants
We included Chinese male adults aged 18 to 35 years who resided principally at an elevation of 250 m or lower. Enrollment of volunteers took place from Jan 2016 through Apr 2016. Recruitment was restricted to the individuals who had not altitude exposure above 2500 m previously. We excluded those who had history of primary headache, any causes of vomiting, chronic obstructive pulmonary disease, heart failure, cerebral neoplasm, and were taking medicine to promote blood circulation and Primary outcome measure was the incidence of AMS at altitude. AMS was diagnosed according to Lake Louise Score (LLS), which includes 5 self-reporting symptoms:
headache, gastrointestinal symptoms, fatigue/weakness, dizziness/lightheadedness, and difficulty in sleeping. Each symptom is scored 0-3, with 0 indicating none and 1-3 indicating mild, moderate, and severe, respectively. AMS is defined by a total score of 3 or more in the presence of headache.
Statistical analysis
Statistical analysis was performed with SPSS Statistics (IBM, USA Qualitative variables were reported as number (percent).
Multiple regression analysis was performed by starting with a model that included all potential predictors as independent variables, with stepwise elimination of variables that did not contribute significantly to the overall variance of the model, using the Lake Louise Score as dependent variable. All tests were 2-tailed. Differences were considered statistically significant if P<0.05.
RESULTS
Physiological variables at sea level and at high altitude in subjects with AMS and without AMS
Approximately 49.05% of the individuals developed AMS. As shown in Table 1 group at high altitude.
Noninvasive cardiovascular indicators in subjects with AMS and without AMS at sea level and at high altitude
As shown in Table 2 , the percentage of differences exceeding 50 ms between adjacent normal number of intervals (PNN50) (t=-2.229, P=0.027) and heart rate variability 
Multiple regression model for predicting the risk factors at sea level related to AMS
We also investigated the affecting factors at sea level which associated with the LLS after high altitude exposure using the multiple regression analysis ( F=4.280, P=0.007) . The prediction equation was as following: Lake Louise Score=3.783+0.281×Eosinophil-0.219×Alkaline phosphatase+0.032×PNN50. 
DISCUSSION
Acute high altitude sickness is a hitherto unsolved problem, affecting the individuals who long inhabited in the plains quickly reached the plateau. [9] [10] [11] In the present study, approximately 49.05% of the individuals developed AMS. We analyzed the difference of physiological variables and noninvasive cardiovascular indicators at sea level and after high altitude exposure between volunteers with or without acute high altitude reaction. The count of eosinophil and TAPSE was significantly lower in the AMS group at sea level, while PNN50 and HRV triangle index were significantly higher.
Serum eosinophil, alkaline phosphatase and PNN50 at sea level were the variables that were represented in the logistic regression model which may predict subsequent susceptibility to AMS upon a rapid ascent to high altitude.
Eosinophils, sometimes called eosinophiles, are a variety of white blood cells and one of the immune system components. At altitude, hypoxia prolongs the viability of eosinophils while increasing the eosinophllic production of vascular endothelial growth factor and other proinflammatory cytokines, prostaglandins and leukotrienes which may promote the formation of new blood vessels and increase in conditions that are associated with decreased oxygen supply to tissues. [12] [13] [14] HRV reflected the activity of cardiac autonomic nervous system. It can be used as a reliable index to study the function of cardiac autonomic nervous system. It is also an important index to evaluate the activity of sympathetic nerve and parasympathetic nerve activity and its balance. [15] [16] [17] High altitude hypoxia environment is a kind of stress on human body. In HRV time domain analysis, PNN50 can be used as a sensitive index to evaluate parasympathetic nervous function. The individuals with higher autonomic activity and stronger response to stress have heavier symptom of AMS, which indicated that HRV can predict AMS in a certain extent. [18] This present study confirms that index of HRV such as HRV triangle index and PNN50 were indeed higher in the AMS group before rushing to high altitude.
Alkaline phosphatase is a hydrolase enzyme responsible for removing phosphate groups from many types of molecules, including nucleotides, proteins, and alkaloids. In humans, alkaline phosphatase is present in all tissues throughout the entire body, but is particularly concentrated in the liver, bile duct, kidney, bone, intestinal mucosa and placenta. Alkaline phosphatase affects the inflammatory responses and may play a direct role in preventing organ damage. Previous study has shown that lower level of alkaline phosphatase was associated with the development of high altitude pulmonary edema. [19] In the present study, we found that after acute exposure to high altitude alkaline phosphatase was significantly lower in the AMS group. TAPSE responds to right ventricular longitudinal motion and is a quantitative indicator of right ventricular systolic function. TAPSE decreased significantly after rapid entry to high altitude, and the degree of decline was consistent with that of right ventricular function. [20] After acute exposure to high altitude, C-reactive protein, aspartate aminotransferase and creatinine were significantly higher in the AMS group, while SDNN, ejection time and HRV triangle index were significantly lower.
In the plain, the sympathetic and parasympathetic nerves of the autonomic nervous system are relatively balanced, which ensures the relative stability and the strain capacity of the heart rate. However, the balance of the autonomic nervous system will be changed from the adaptive regulation to the state of the hypobaric hypoxia. [21] SDNN reflects the overall situation of heart rate variability, and can be used to evaluate autonomic nervous regulation function. The reduction of SDNN and HRV triangle index reflected the results that sympathetic nerve excitability increased and cardiac function decreased after rapid entry to high altitude, consistent with the decrease in ejection fraction.
Previous study has shown that renal function declined when ascending from low to high altitude. [22] Serum creatinine is an byproduct of muscle metabolism that is excreted unchanged by the kidneys, meanwhile it is important indicator of renal health because it easily measured. Creatinine is removed from the blood chiefly by the kidneys and it is the most commonly used indicator of renal function. C-reactive protein is used mainly as a marker of inflammation and elevated basal levels of C-reactive protein indicate at an increased risk of cardiovascular disease. The level of aspartate aminotransferasere is commonly measured clinically as biomarkers for liver health. The increased of C-reactive protein, aspartate aminotransferase and creatinine upon acute exposure to high altitude indicated that the volunteers in the AMS group suffered from heart, liver and kidney damage.
In summary, the present study confirmed that some of the physiological variables and noninvasive cardiovascular indicators were different at sea level and after high altitude exposure between volunteers with and without AMS. Using the Lake Louise Score as the dependent variable and the variables which were significantly differences between AMS and non-AMS groups as the independent variable, prediction equation were established to estimate AMS. The equation may help us to identify people prone
